We present the physical extent of [C ii] 158µm line-emitting gas from 46 star-forming galaxies at z = 4−6 from the ALMA Large Program to INvestigate CII at Early Times (ALPINE). Using exponential profile fits, we measure the effective radius of the [C ii] line (r e,[CII] ) for individual galaxies and compare them with the rest-frame ultra-violet (UV) continuum (r e,UV ) from Hubble Space Telescope images. The effective radius r e,[CII] almost always exceeds r e,UV by factors of ∼ 2-3 and the ratio of r e,[CII] /r e,UV increases as a function of M star . We do not find strong evidence for a displacement over 1-kpc scale among the [C ii] line, the rest-frame UV, and FIR continuum. We identify 30% of isolated ALPINE sources as having an extended [C ii] component over 10-kpc scales detected at 4.1σ-10.9σ beyond the size of rest-frame UV and far-infrared (FIR) continuum. One object has tentative rotating features up to ∼ 10 kpc, where the 3D model fit shows the rotating [C ii]-gas disk spread over 4 times larger than the rest-frame UV-emitting region. Galaxies with the extended [C ii] line structure have high star-formation rate (SFR), stellar mass (M star ), low Lyα equivalent-width, and more blue-shifted (red-shifted) rest-frame UV metal absorption (Lyα line), as compared to galaxies without such extended [C ii] structures. Although we cannot rule out the possibility that a selection bias towards luminous objects may be responsible for such trends, the extended [C ii] line structure appears even around several objects whose SFR and M star are as small as those without the extended structure. Deeper observations are essential to test whether the extended [C ii] line structures are ubiquitous to high-z star-forming galaxies.
The first-generation of galaxies form in high density peaks of primordial gas composed of light elements such as hydrogen and helium. Heavy elements are then produced in these galaxies from stellar nucleosynthesis, and are ejected by feedback processes such as outflows driven by the thermal heating and kinetic feedback of supernova explosions (e.g., Pallottini et al. 2014b; Turner et al. 2017 ). Since galaxies evolve within an overlying circumgalactic medium (CGM) impacted by frequent mergers, inflow, and outflow of gas, detailed study of galaxy sizes and morphologies at early epochs provides invaluable information on the galaxy assembly in such a crucial phase of galaxy evolution.
On the CGM scale ( ∼ 1-10 kpc) at early cosmic times, it has been revealed that star-forming galaxies are surrounded by extended Lyα line emission, namely the Lyα halo, that is on average 10 times larger than their corresponding galaxy sizes in the rest-frame ultra-violet (UV) wavelength (e.g., Momose et al. 2016; Wisotzki et al. 2016; Leclercq et al. 2017) . While Lyα is fundamental to probe the neutral hydrogen distribution around galaxies, only metal lines allow us to probe the enriched gas distribution and hence constrain the efficiency of feedback and star formation out to CGM scales.
The metal gas emission and the rest-frame farinfrared (FIR) dust continuum can now be probed up to z ∼ 9 efficiently with the Atacama Large Millimeter/submillimeter Array (ALMA) (e.g., Watson et al. 2015; Maiolino et al. 2015; Capak et al. 2015; Pentericci et al. 2016; Knudsen et al. 2016; Matthee et al. 2017; Carniani et al. 2018; Smit et al. 2018; Bowler et al. 2018; Hashimoto et al. 2018a,b; Tamura et al. 2019; Fujimoto et al. 2019 ). On scales of the CGM, Fujimoto et al. (2019) reported the existence of extended [C ii] line structure over a radius of 10 kpc via the stacking analysis of 18 star-forming galaxies at z = 5.152 − 7.142. The radial surface brightness profile exhibits a 10-kpc scale [Cii] halo at the 9.2σ level, significantly more extended than the Hubble Space Telescope (HST) stellar continuum emission and the dust continuum. Interestingly, the radial profiles of the [Cii] and Lyα halos show a good agreement with each other, suggesting a possible link between these halos. However, the physical origin of the [C ii] halo, potentially associated with the Lyα halo, is still an open question. With the ALMA Large Program to Investigate C + at Early Times (ALPINE), the extended [C ii] halo has also been detected in an independent stacking approach . Even so, individual observations are essential to further understand the physical origins of the metal gas distributions.
In this paper, we study the individual size and structure of [Cii] emission from star-forming galaxies at z = 4 − 6, drawn from the ALPINE survey. Making full use of the large ancillary dataset including deep HST images, we examine the distributions of the star-forming regions and the metal-enriched gas up to the CGM scale in the early Universe. The organization of this paper is as follows. In Section 2, the overview and the data products of the ALPINE survey are described. Section 3 outlines the method of the size measurements for the ALMA and HST data. We report the results of the size measurements and associated physical properties in Section 4. In Section 5, we discuss the physical origin of the extended [Cii] line emission. A summary of this study is presented in Section 6. Throughout this paper, we assume a flat universe with Ω m = 0.3, Ω Λ = 0.7, σ 8 = 0.8, and H 0 = 70 km s −1 Mpc −1 .
ALPINE SURVEY
2.1. Overview ALPINE is an ALMA large program (Project ID: 2017.1.00428.L; PI: O. Le Fèvre; see also : e.g., Le Fèvre et al. 2019; Faisst et al. 2019; Bethermin et al. 2020) , aimed at measuring [C ii] 158 µm and rest-frame FIR continuum emission from a representative sample of 118 main-sequence galaxies at 4.4 < z < 5.8. Observations were carried out between May 2018 and February 2019. All galaxies are located in the regions of the Cosmic Evolution Survey (COSMOS; Scoville et al. 2007; Koekemoer et al. 2007 ), The Great Observations Origins Deep Survey South (GOODS-S; Giavalisco et al. 2004) , and CAN-DELS (Grogin et al. 2011; Koekemoer et al 2011) . They have star-formation rates (SFR) 10 M yr −1 and stellar masses M star ∼ 10 9 − 10 11 M , generally falling on the main sequence (e.g., Speagle et al. 2014; Steinhardt et al. 2014) . The [C ii] line frequency was covered in one tuning based on the spectroscopic redshift as estimated from previous rest-frame UV spectroscopy including the VUDS and DEIMOS surveys (e.g., Le Fèvre et al. 2015) . SFR and M star are derived from template SED fitting using the ancillary photometry available data sets from the rest-frame UV to IR wavelengths. The data sets include The Spitzer Large Area Survey with Hyper-Suprime-Cam (SPLASH; e.g., Steinhardt et al. 2014 ) which offers us robust M star measurements at the redshift range of our ALPINE sample. The details of the physical properties and the ancillary data sets for our ALPINE sources are presented in Faisst et al. (2019) and Schaerer et al. (2020) .
Data Products
The details of data calibration, reduction, and [C ii] line extractions are described in Bethermin et al. (2020) . Here we briefly overview the data products. The data were reduced with the Common Astronomy Software Applications package (CASA; McMullin et al. 2007 ). The major steps were performed with the scripts provided by the ALMA Observatory. We applied additional flags, especially for a few bad antennas with suspicious behaviors (see Bethermin et al. 2020 ). With the CASA task tclean, continuum maps were produced by utilizing the line-free channels in all spectral windows, while [C ii] line cubes were generated after continuum subtraction from the observed visibility data with uvcontsub. The tclean routines were executed down to the 3σ level with a maximum iteration number of 500. We adopted a natural weighting for imaging with a pixel scale of 0. 15 and a common spectral channel bin of 25 km s −1 , achieving a typical angular resolution 0. 9 and a sensitivity of 0.35 mJy beam −1 per spectral channel.
We produced velocity-integrated (moment 0) [C ii] maps using an interactive approach by allowing slight spatial offsets (< 1 ) from the rest-frame UV centroids to maximize the [C ii] line detection. We corrected the HST astrometry in advance using the GAIA DR2 catalog . For the optimized velocity-integrated [C ii] line maps, we identified 75 [C ii] lines from our primary ALPINE targets with a signal-to-noise ratio (SNR) above 3.5. Since the noise fluctuation may affect the size measurements in low SNR maps, we use 46 out of the 75 [C ii] line sources whose peak counts in the velocity- integrated maps exceed the SNR of 5 in the following analyses to obtain reliable size measurements. These 46 sources are listed in Table 1 .
Visual inspection was performed by seven independent classifiers using the continuum-subtracted ALMA 3D [C ii] data cubes and ancillary data. The [C ii] sources are classified into the following five galaxy types: 1) rotator, 2) pair-merger (major or minor), 3) dispersiondominated, extended, 4) dispersion-dominated, compact, and 5) weak. Combining the classifications from the seven participants, we determine a final galaxy type based on the mode of the distribution. The details of the classification procedure are described in Le Fèvre et al. (2019) . We provide the final galaxy type for our ALPINE sources in Table 1 .
DATA ANALYSIS

ALMA Size Measurements
Prior to measuring the [C ii] sizes of the ALPINE sources, we extract from the continuum-subtracted visibility data the channels containing [C ii] emission, referred to as the [C ii] line visibility. We then produce [C ii] line maps with the CASA tclean task. Initial values of the [C ii] flux density and sizes are determined through the image-based fitting with the imfit task over an area of 4 × 4 . Next, we measure sizes in the [C ii] line visibility using uvmultifit (Martí-Vidal et al. 2014 ), a tool for simultaneous fitting multiple objects in the visibility plane. We model the light profiles using a Sérsic function, assuming a fixed Sérsic index n=1 (i.e., exponential-disk profile), since the spatial distribution of the [C ii] line is likely to be related to the gas distribution (e.g., Wolfire et al. 2003; Vallini et al. 2015) generally in an exponential disk-like structure (e.g., Bigiel & Blitz 2012). We fix the source center as estimated from imfit to improve the convergence of the free parameters. We obtain the FWHM along the major axis, FWHM major and the axis ratio. The value of the FWHM major is converted to the effective radius r e,major via the relation of FWHM major = 0.826 × r e,major in the case of n = 1 (MacArthur et al. 2003) , and r e,major is also converted to the "circularized" radius r e through r e ≡ a b/a = r e,major √ q, where a, b, and q are the major, minor axes, and axis ratio, respectively. Hereafter, the r e value is regarded as our size measurement. We confirm that a different model in Sérsic index of n = 0.5 returns consistent r e values within ∼ 5%. Figure 1 presents examples of the [C ii] line visibility with our best-fit results. The phase centers of the visibility are shifted to the center of the [C ii] source. As a complementary check for the visibility fitting quality in the image plane, Figure 1 also shows the observed, bestfit model, and residual (= observed -model) maps for the [C ii] line emission. If the best-fit visibility has a large offset from the data and/or the residual map shows clear negative and/or positive residuals (e.g., DC434239), we flag these objects as unreliable fitting results that are removed from the following analyses. We obtain the reliable (flag = 0) and unreliable (flag = 1) fitting results for 31 and 15 ALPINE sources, respectively. The majority of these 15 sources are classified as mergers (Section 2.2), indicating that the unreliable fitting results are mostly caused by the complicated morphology in merging systems. In Table 1 , we summarize our size measurements for the [C ii] line r e, [CII] together with their associated flags.
HST Size Measurements
To compare the [C ii] sizes with the stellar distribution, we measure the rest-frame UV size of our ALPINE sources based on the high spatial resolution images of HST ACS (F814W image in most cases; Scoville et al. 2007; Koekemoer et al. 2007 ). If the source has been observed with WFC3/IR, we also use the F160W image (Koekemoer et al. 2011; Faisst et al. 2019) . Since the redshifts of our ALPINE sources fall in the range of z ∼ 4.5 − 5.5, the rest-frame wavelengths correspond to ∼1300-1500Å and 2500-2900Å for the F814W and F160W images with the point-spread function (PSF) FWHM sizes of 0. 09 and 0. 18, respectively. For size measurements, we extract 5 × 5 cutout images from the F814W and F160W maps around ALPINE targets. The cutout size is sufficiently large to evaluate the entire galaxy structure. Based on available photometric redshift z ph catalogs (Laigle et al. 2016; Momcheva et al. 2016) , we model foreground objects (z ph 2) with GAL-FIT (Peng et al. 2010 ) and remove them from the HST images, if the objects are identified within a radius of 1. 0 from the ALPINE sources. In addition to the 46 ALPINE sources used in the [C ii] line size measurements, here we also use 29 ALPINE sources whose [C ii] line emission are detected with 3.5 ≤ SNR < 5 to obtain statistical results. We list these 29 ALPINE sources in Table 3 .
We measure the rest-frame UV sizes in the same manner as previous high-z galaxy studies in the parametric approach (e.g., van der Wel et al. 2012; Ono et al. 2013; Shibuya et al. 2015 ) based on two-dimensional (2D) surface-brightness (SB) profile fitting with galfit (Peng et al. 2010) . Note that we do not adopt the nonparametric approach (e.g., Ribeiro et al. 2016) for the rest-frame UV size measurement. This is because the non-parametric approach largely depends on the data properties (e.g., depth and resolution), and our goal is to compare the rest-frame UV size to that of the [C ii] line which is obtained from the ALMA data sets having very different data properties from the HST data. We fit a single Sérsic profile (Sérsic 1963) to the 2D SB distribution of each galaxy. Here, we fix n = 1 to perform self-consistent measurements and a fair comparison with the [C ii] size measurements for which we adopt an exponential-disk (n = 1) profile (Section 3.1). We use PSF models that are provided by the 3D-HST project (Skelton et al. 2014) . We obtain r e,major and an axis ratio that is then converted to the circularized size r e in the same manner as the [C ii] size measurements. If we find clear negative and/or positive peaks remaining in the residual maps or the divergence in the fitting process, we flag the objects with these unreliable fitting results. From the 75 (= 46 + 29) ALPINE sources, we obtain the reliable fitting results for 52 ALPINE sources in either or both of the F814W and F160W images. We list our size measurements for the rest-frame UV emission r e,UV together with their flags (reliable: flag = 0, unreliable: flag = 1) in Table 1 and Table 3 .
RESULTS
[CII] and rest-frame UV sizes
In Figure 2 , we show the [C ii] and rest-frame UV sizes of the ALPINE sources. To minimize potential systematic errors from merging systems, we use the size measurement results only for ALPINE sources not classified as mergers (Section 2.2).
The left panel presents r e as a function of M star , where the filled red, filled blue, and open blue circles denote r e, [CII] , r e,F160W , and r e,F814W , respectively for each galaxy. The square symbols are the median sizes in the bins of M star . We find the median value to be r e,[CII] = 2.1 ± 0.16 kpc, r e,F160W = 0.91 ± 0.06 kpc, and r e,F814W = 0.66 ± 0.04 kpc with a standard error on the median. the median and the standard error of the median, respectively. The [C ii] sizes are thus larger than the rest-frame UV sizes by factors of ∼ 2 − 3 on a statistical basis. We also find that our rest-frame UV sizes are in agreement with published studies such as those of Shibuya et al. (2015) (blue shaded region in Figure  2 ) based on an analysis of ∼4,000 normal star-forming galaxies at z = 4 − 6 and an equivalent Sérsic profile fitting procedure. This confirms that our ALPINE sources, selected from main-sequence galaxies, represent the typical star-forming galaxy population at z = 4 − 6. These results indicate that the condition of r e,[CII] > r e,UV is a general physical characteristic among the high-z starforming galaxies at z = 4 − 6 in the M star range of ∼ 2 × 10 9−10 .
In the right panel of Figure 2 , we show a comparison between r e, [CII] and r e,UV for the 12 ALPINE sources whose [C ii] and rest-frame UV size measurements are reliable (flag = 0). We find that all sources fall in the area of r e,[CII] > r e,UV mostly higher than the individual errors. From both statistical and individual results, we re, [CII] re, F160W re, F814W re, F814W re, F160W Blue open and filled symbols denote the rest-frame UV size measurements in the HST/F814W and F160W maps, respectively. The blue shaded region gives the 1σ range of the rest-frame UV size distribution of ∼4,000 normal star-forming galaxies presented in Shibuya et al. (2015) . Right: Comparison between [C ii] and rest-frame UV sizes among the individual galaxies. The red open and filled circles indicate whether the rest-frame UV sizes are estimated from the HST/F814W and F160W maps, respectively. We present the [C ii] and rest-frame UV size measurements for 12 ALPINE sources whose both measurements are reliably (flag = 0) obtained. Both F814W and F160W measurements are shown for 3 ALPINE sources.
conclude that the [C ii]-line emitting regions are generally more extended than the rest-frame UV emitting regions in the high-z star-forming galaxies at z = 4 − 6. This is consistent with the recent simulation results (e.g., Vallini et al. 2015; Pallottini et al. 2019 ).
In Figure 3 , we display the ratio of r e, [CII] to r e,UV as a function of M star . The square and circle plots are obtained from the median in the M star bins and the individual results in the left and the right panels of Figure  2 , respectively. We find that the ratio has a positive trend towards high values of M star . With the individual results, Spearman's rank test shows the significance of this positive trend at ∼98%. This may indicate that the physical origin of the extended [C ii] line structure is related to M star or SFR, since our ALPINE sources are main-sequence galaxies (i.e., they lie on the M star -SFR plane; Section 2.1). We discuss the details of the possible physical mechanisms of the extended [C ii] line structure in Section 5.
We note that the small size in the rest-frame UV emission may be contributed by the smaller PSFs of HST than that of ALMA. To test this hypothesis, we perform a Monte Carlo simulation for the rest-frame UV emission in the F814W map. We model 1000 artificial sources having the 2D exponential-disk profile with r e of 2.1 kpc which is the typical value for the [C ii] line emission. The axis ratio and the position angles for the artificial sources are taken randomly in the ranges of 0.1 -1.0 and 0 -90 deg. We then add the random noise on the 2D map and convolve the artificial sources with the F814W PSF. We add the random noise until the SNR value in the convolved map becomes comparable to the average value (∼ 15) of the rest-frame UV emission among our ALPINE sources. We finally measure the r e values for the artificial sources with galfit in the same manner as our size measurement for the F814W maps. We obtain the median and the standard deviation of the r e measurements of 2.15 kpc and 0.14 kpc for the 1000 artificial sources. This simulationUV indicates that the r UV measurements should show the typical value of ∼ 2 kpc, if the rest-frame UV emission is also extended as much as the [C ii] line emission. The difference of the PSFs between HST and ALMA is thus not the cause of the relatively small size in the rest-frame UV emission compared to the [C ii] line emission. We also note that the r e measurements in the F814W image are generally smaller than those in the F160W image ( Figure 2 and Table 1 ). In the similar Monte Carlo simulations, we confirm that this difference is not caused by the different PSFs, neither. This is probably because of the dust absorption which affects the spatial morphology more significantly at the rest-frame short wavelength of F814W rather than F160W. Fujimoto et al. (2019) report the existence of a 10kpc scale [C ii] halo surrounding young galaxies via the visibility-based stacking of deep ALMA data for 18 starforming galaxies at z = 5 − 7. Using a similar method, the stacked images of ALPINE sources show a 15-kpc scale extended structure in the [C ii] line emission . Making full use of the large ALPINE and ancillary data sets, we investigate the spatial extents of the [C ii] line and the continuum down to the outskirts, instead of the r e values, and test whether the existence of the [C ii] halo can be identified for individual galaxies. For this exercise, we focus on the 23 ALPINE sources whose [C ii] lines are detected above the 5σ level and are not classified as mergers (Section 2.2; see Le Fèvre et al. 2019) For the sources with (without) the HST/F160W data, we use the F160W (F814W) data as the rest-frame UV image. To compare morphological properties between ALMA and HST maps, we match their resolutions. Since the PSF of ALMA (i.e., synthesized beam) is difficult to match to HST just by smoothing the HST PSF with a specific kernel, the ALMA (HST) maps are both convolved with the PSF of HST (ALMA) for matching their resolutions. Before convolution, we identify foreground interlopers (z ph 2) around our ALPINE sources based on the photometric redshift catalogs (Laigle et al. 2016; Momcheva et al. 2016 ) and remove these interlopers from the HST maps by modeling with galfit. Figures 4 and 10 show the spatial distribution and the radial profiles of the [C ii] line, the rest-frame UV, and, when available, the rest-frame FIR continuum of our ALPINE sources. The HST astrometry is corrected with GAIA DR2 catalog . We find that the [C ii] line emitting region is generally more extended than the rest-frame UV and FIR continuum emitting regions. In some cases, the [C ii] line extends up to radii of ∼ 10 -15 kpc. while both the rest-frame UV (and FIR) continuum drops off (e.g., DC683613, DC880016, VC5100537582). This indicates that the 10-kpc scale [C ii] halos are individually identified in a number of galaxies. However, in other cases, we find that the [C ii] lines do not show such extended morphology with the radial profile similar to the rest-frame UV and/or FIR continuum (e.g., DC351640, DC733857). This suggests that the [C ii] morphology is not always extended beyond the size of the stellar/dust emitting regions.
[C ii] Halo around Individual Galaxies
To quantitatively identify the objects with a [C ii] halo whose structure is extended more than the continuum emission, we evaluate the significance level for the spatially extended intensity of the [C ii] line emission (S ext, [CII] ). Here we use the 23 ALPINE sources, not classified as mergers, whose [C ii] lines are detected above the 5σ level. Using the velocity integrated [C ii] maps, we calculate the extended [C ii] line intensity in an aperture having a radius of 10 kpc and masking the emission in a central area corresponding to the ALMA synthesized beam. We estimate the error using a random aperture method. We detect 12 sources with an extended [C ii] line intensity above the 4σ level in the range of 4.1σ −10.9σ levels. In the same manner, we also evaluate the significance level of the extended emission for the rest-frame FIR (S ext,FIR ) and UV continuum (S ext,UV ). We identify 7 out of the 12 sources whose S ext,FIR and S ext,UV are both below 3σ level. We regard these 7 sources, DC396844, DC630594, DC683613, DC880016, DC881725, VC5100537582, and VC5110377875 as the "[C ii] Halo" objects. This suggests that at least 30% (∼ 7/23) of the isolated ALPINE sources have an individual [C ii] halo at the depth of the current ALPINE data set.
We also identify another 6 sources (DC351640, DC416105, DC539609, DC709575, DC733857, and VC510596653) with the extended [C ii] line intensity below the 3σ level that are unlikely to have the [C ii] halo structure. We refer to these 6 sources as "w/o [C ii] Halo" objects. We compare the physical properties of [C ii] Halo and w/o [C ii] Halo objects in Section 5.
We further highlight DC488399, a galaxy that uniquely has an extended morphology in the rest-frame FIR continuum and [C ii] line (S ext,FIR and S ext,[CII] > 4σ), but a compact morphology in the rest-frame UV continuum (S ext,UV < 3σ). Recent ALMA observations among highz star-forming galaxies reveal that the dusty, rest-frame FIR emitting region is generally more compact than the rest-frame UV and/or optical emitting regions (e.g., . Left: The grey-scale (6 × 6 ) image shows the rest-frame UV emission from the HST imaging (Koekemoer et al. 2007 (Koekemoer et al. , 2011 . Red and green contours denote the 2.5σ, 3.5σ, 4.5σ, ..., 9.5σ levels of the ALMA [C ii] line and the rest-frame FIR continuum emission, respectively. The green contour is presented only for the sources whose dust continuum emission is detected above the 5σ level. The HST image and ALMA contours are smoothed by the ALMA synthesized beam and the HST PSF, respectively, to match the spatial resolutions between the HST and ALMA maps. The smoothed PSF is shown at the bottom left. The red, green, and blue crosses mark the peak pixel positions of the [C ii] line, the rest-frame FIR and UV continuum, respectively. Right: Radial surface brightness profiles of the [C ii] line (red squares), the rest-frame FIR (green squares) and UV (blue squares) continuum. The black solid curve shows the ALMA synthesized beam. All radial profiles are estimated from the median value in an annulus with a width of 0. 3, and their peaks are normalized to the [C ii] one. The errors denote the 16-84th percentile of the median values in 100 random annuli. The spatial offsets between UV -[C ii], UV -FIR, and [C ii] -FIR peaks are presented in the red, green, and black bars at the bottom left. For the HST maps with foreground objects removed, the radial profiles of the rest-frame UV continuum are shown by open blue squares. Simpson et al. 2015; Ikarashi et al. 2015; Hodge et al. 2016; Fujimoto et al. 2017 Fujimoto et al. , 2018 . For DC488399, the opposite trend is seen with the extended FIR component possibly co-spatial with the extended [C ii] line structure. We refer to DC488399 as a "[CII] & Dust Halo" object, and discuss its physical properties in Section 5. We summarize the detection criteria and the number of the sources in these subgroups ( Recent observational and theoretical studies report a spatial offset between the centroids of the [C ii] line and the rest-frame UV continuum with a physical scale of ∼ 4 kpc (e.g., Maiolino et al. 2015; Vallini et al. 2013 ). These spatial offsets may affect the [C ii] line morphology compared to the rest-frame UV and FIR ones. Making full use of the large ALPINE and ancillary data sets again, we evaluate the spatial offsets among the [C ii] line, the restframe UV, and the rest-frame FIR continuum to check for any potential effects on the detection of an extended structure of the [C ii] line emission. To remove the obvious effects from merging galaxies, we focus on the 23 ALPINE sources analyzed in Section 4.2 that do not include the sources classified as mergers.
In Figure 4 and 10, we show the peak positions (left panels) as well as the offset scales (right panels) among these three emissions. To carry out a fair comparison, we measure the emission peaks at the peak pixel positions in the smoothed HST and ALMA maps whose resolutions are matched. For the 23 ALPINE sources, the median (standard deviation) values for the spatial offsets are estimated to be 0. 15 (0. 09), 0. 25 (0. 08), and 0. 15 (0. 12) between [C ii] -UV, FIR-UV, and [C ii] -FIR, respectively. Although the peak pixel positions may depend on the pixel scale of the maps, we confirm that we obtain the consistent median and standard deviation of the spatial offsets in the smaller pixel scale by reproducing and reanalyzing the ALMA map with a pixel scale of 0. 03.
The approximate positional accuracy of the ALMA map ∆p in milliarcsec is given by
where σ is the peak SNR in the map, ν is the observing frequency in GHz, and B is the maximum baseline length in kilometers (ALMA technical handbook 1 ). Assuming the general property of the ALPINE data set (B = 0.2 in the configuration of C43-1, ν ∼ 330 GHz), the ALPINE [C ii] line map with a peak SNR = 5 -10 has the ∆p value of ∼ 0. 1 − 0. 2. Moreover, even with the HST astrometry corrected using the GAIA DR2 source catalog, the uncertainty in the astrometry correction still remains at the ∼ 0. 1 scale due to the scatter in the source positions between the public HST and the GAIA DR2 catalogs (see (Schaerer et al. 2020) . We mark three [C ii] Halo objects (DC630594, DC880016, and VC5100537582) with black squares whose SFR and Mstar values fall close to the distribution of the w/o [C ii] Halo objects. The existence of these three objects suggest that the selection bias towards luminous objects alone cannot explain the origin of the [C ii] halo.
on the scale of ∼ 0. 1 − 0. 2, corresponding to 1 kpc at z = 4 − 6, the 10-kpc scale [C ii] halo is unlikely to be explained by these marginal offsets. Previous stacking studies also show that adopting different stacking centers (e.g., peak positions of [C ii] line and the rest-frame UV emission) do not change the extended structure in the [C ii] line rather than the continuum (Fujimoto et al. 2019; Ginolfi et al. 2020 ). This also suggests that the spatial offsets are sufficiently small compared to the [C ii] halo structure. We conclude that the spatial offsets have a negligible effect on the measurement of the [C ii] halo.
Note that the FIR-UV offset shows a relatively larger value than those considering the [C ii] positions under the same uncertainty of the positional accuracy. This may imply that dusty, obscured star-formation is indeed taking place in different regions from the rest-frame UV luminous, young star-forming regions even in the isolated ALPINE sources. The potential offset and its physical origin will be explored in a future ALPINE work.
DISCUSSION
In Section 4, we identify individual [C ii] halos surrounding star-forming galaxies at z = 4 − 6, which is unlikely to be caused by the displacement of the [C ii] line emission from the galaxy. We also identify a similar number of galaxies lacking the [C ii] halo structure. Below, the physical origin of the [C ii] halo is explored through a comparison through a comparison of the physical properties of galaxies with and without the extended [C ii] line morphology.
SFR-Mstar Relation
In Figure 5 , we examine the SFR-M star relation for the [C ii] Halo and w/o [C ii] Halo objects separately as classified in Section 4.2. For comparison, the entire sample of the 118 ALPINE sources (see Schaerer et al. 2020 ) and the Dust & [C ii] Halo object are also plotted.
We find that the [C ii] Halo and Dust & [C ii] Halo objects fall in the regime with higher SFR and M star values than the w/o [C ii] Halo objects. This is consistent with the individual size measurement results that show a positive trend of the ratio of r [CII] to r UV as a function of M star (Section 4.1) as well as the [C ii] line stacking results with our ALPINE sources, where the stacked sample with the high SFR (> 25 M yr −1 ) shows the [C ii] line structure extended more than the sample with the low (≤ 25 M yr −1 ) SFR ). These results suggest that the physical origin of the [C ii] halo is related to M star and/or SFR through processes such as photoionization and outflows (Section 5.2).
We note that another interpretation for the high SFR and M star trend among the [C ii] Halo objects is a selection bias towards luminous objects whose outskirts of the diffuse emission are easier to to be identified. However, there are at least three [C ii] Halo objects (DC630594, DC880016, and VC5100537582; marked with black squares) have the SFR and M star values similar to those of the w/o [C ii] Halo objects. In fact, the [C ii] lines from DC880016 and VC5100537582 are detected with SNR at ∼ 8 that is comparable to the w/o [C ii] Halo objects of DC539609 and DC733857 (Table  1) . This indicates that the selection bias alone is hard to explain the difference of the existence of the [C ii] halo.
Lyα EW Relation
In Figure 6 , we investigate the distribution of the Lyα equivalent width (EW) for the [C ii] Halo (red histogram), w/o [C ii] Halo (blue histogram) objects, and the [C ii] & Dust Halo object (green reverse triangle). For comparison, we also show the Lyα EW histogram with the median value (dashed line) for the entire sample of the 116 ALPINE sources that are observed spectroscopically for the Lyα emission. Note that the first (leftmost; ∼ 1Å) bin indicates the objects whose Lyα lines are undetected in the optical-NIR spectroscopy. The details of the Lyα EW measurements are presented in Cassata et al. (2020) .
We find that the [C ii] Halo objects show relatively small Lyα EWs or the Lyα lines undetected, while the w/o [C ii] Halo objects have relatively large Lyα EWs, compared to the entire sample. The Lyα EW decreases for high HI column densities. The Lyα EW results thus may indicate that the physical origin of the [C ii] halo is related to the distribution of the neutral hydrogen (Section 5.2), which is indeed traced by the singly ionized carbon (e.g., Wolfire et al. 2003; Vallini et al. 2015) .
To remove potential selection biases towards luminous objects, we also examine the Lyα EWs for three [C ii] Halo objects of DC630594, DC880016, and VC510053758 whose SFR and M star values are similar to those of the w/o [C ii] Halo objects (Section 5.1.1). In Figure 6 , we show the Lyα EW for these three [C ii] Halo objects in the red hatched histogram. We find that the histogram is still likely to have lower Lyα EW values than the w/o Cassata et al. 2020 ). The first (leftmost; ∼ 1Å) bin presents the objects whose Lyα lines are undetected in the optical-NIR spectroscopy. The dashed line denotes the median of the entire sample excluding the sources whose Lyα lines are undetected.
[C ii] Halo objects have, while one out of three objects fall in the Lyα EW range comparable to the w/o [C ii] Halo objects. Although it is hard to draw a definitive conclusion with the small statistics, this result suggests that the relatively small Lyα EW trend holds without the potential selection biases,
In Figure 6 , we also find that the [C ii] & Dust object has the Lyα EW value of 18 ± 3Å which falls relatively lower than the w/o [C ii] Halo objects, but is still close to the median of the entire sample (∼ 24Å) even with the existence of the dust spread over the galaxy. This may suggest that the physical origin of the extended structures in both [C ii] and dust emission helps the Lyα line to escape from the system (Section 5.2).
∆vLyα and ∆vISM
In the top and bottom panels of Figure 7 Figure  6 . Note that here we cannot present the sources without the detection of the Lyα line or the rest-frame UV metal absorption. The details of the ∆v Lyα and ∆v ISM measurements are presented in Faisst et al. (2019) and Cassata et al. (2020) .
The entire sample shows that ∆v Lyα and ∆v ISM , in general, take the positive and negative values, corresponding that the Lyα line and the rest-frame UV metal absorption are red-and blue-shifted from the systemic redshift, respectively (see also Faisst et al. 2019; Cassata et al. 2020) . We find that the [C ii] Halo and [C ii] & Dust Halo objects typically have larger velocity offsets (more red-shifted Lyα and more blue-shifted rest-frame UV metal absorption) than the w/o [CII] Halo objects. The three [C ii] Halo objects of DC630594, DC880016, and VC510053758 whose SFR and M star values are similar to those of the w/o [C ii] Halo objects (red hatched histogram) also show the same trend, albeit with the small statistics. The red-shifted Lyα line has been well explained by expanding shell models (e.g., Ahn 2004; Verhamme et al. 2006 Verhamme et al. , 2015 , where back-scattered Lyα photons escape from the galaxy owing to the shell experiencing a Doppler shift. The blue-shifted rest-frame UV metal absorption is also interpreted as the existence of the outflowing gas between the galaxy and the observer (e.g., Shapley et al. 2003; Steidel et al. 2004; Talia et al. 2017; Sugahara et al. 2017 Sugahara et al. , 2019 Faisst et al. 2019) . Although these velocity offset results are obtained from the limited sample whose Lyα line or the rest-frame UV metal absorption has been identified, we obtain a consistent picture from these results that ongoing or past episodes of outflows may be linked to the origin of the [C ii] Halo objects (Section 5.2).
Rotation or Dispersion Dominated?
We compare the fractions of [C ii] Halo and w/o [C ii] Halo objects that are either classified as rotator-or dispersion-dominated. We find that the [C ii] Halo (w/o [C ii] Halo) objects consist of three (three) rotator and four (three) dispersion-dominated populations, respectively. The nearly equal spread in classification makes it difficult to shed light on the nature of the [C ii] halo. However, it is worth mentioning that three [C ii] Halo objects of DC630594, DC880016, and VC510053758 whose SFR and M star properties are similar to the w/o [C ii] Halo objects (Section 5.1.1) are all classified as dispersion-dominated. This may suggest that some physical mechanisms, especially which increase the velocity dispersion in the system (e.g., past merging events), are related to the origin of the [C ii] halo in the ALPINE sources with relatively low SFR and M star values (Section 5.2).
Kinematics of [CII] Halo
We also investigate the kinematics of the [C ii] line emission, especially in the outer halo areas. We first produce the velocity-integrated (moment 0) maps for the blue-and red-shifted [C ii] line emission, where the velocity center is defined at the peak frequency in the [C ii] line spectrum. We then measure the spatial peak positions of the blue-and red-shifted [C ii] line emission and create the position-velocity (PV) diagrams along the lines that pass through these peak positions (A) and the major axis of the [C ii] line emission (B). For a complementary approach, we also produce the [C ii] line spectra for the central and outer areas of the objects with the aperture radii r ap. of r ap. ≤ 0. 5 ( FWHM/2.0 of average ALMA beam) and 0. 5 < r ap. ≤ 1. 6 ( 10 kpc at z = 5), respectively. In Figure 8, diagrams. This helps to visualize the [C ii] kinematics in the outer areas beyond the ALMA beam.
In the PV diagrams of galaxies classified as dispersion dominated, DC488399, DC630594 and DC683613, we find no clear velocity gradients in the outer area. On the other hand, in the galaxies classified as rotators (i.e., DC881725, VC5110377875), we find tentative features of velocity gradient over several beam scales in each case. In particular, VC5110377875 has a velocity gradient up to the radius of ∼ 2 ( 12 kpc at z = 5.67) and ∼ − 100 km s −1 in the PV diagram (A). Moreover, the [C ii] line spectrum in the outer area of VC5110377875 shows a double peak profile which is a signature for rotation. Since the PV diagram (A) is produced along the line connecting the peak positions of the blue-and red-shifted [C ii] line, mostly corresponding to the axis (Koekemoer et al. 2007 (Koekemoer et al. , 2011 with the blue-(blue contours) and red-shifted (red contours) [C ii] line emission. The contours are drawn at 1σ intervals starting from the 2σ level. The blue and red crosses show the peak pixel positions of the blue-and redshifted [C ii] line maps, respectively. The solid line passes the blue and red crosses, while the dashed line is drawn to the major-axis of the [C ii] line morphology. The central galaxy class (1: rotator, 3: dispersion-dominated, extended, dubbed in "dispersion") is presented in the parentheses.; Intensity weighted coordinate (moment 1) map.; Position-velocity (PV) diagram. The two PV diagrams of A and B are obtained along the solid and dashed lines in the left panel, respectively. The central area, corresponding to the ALMA beam along to the lines of A or B, is covered by the dark vertical shade for clarity of the [C ii] kinematics at the outer halo area.; [C ii] line spectra for the central (black histogram) and outer (red histogram) areas of the galaxy, that are produced from the aperture radius rap. of rap. ≤ 0. 5 ( FWHM/2.0 of ALMA beam) and 0. 5 < rap. ≤ 1. 6 ( 10 kpc at z = 5), respectively. We show the best-fit Gaussians (dashed line) and their FWHM values for the central (black) and outer (red) areas in the panel. Figure 9 . The best-fit 3D modeling results in the moment 0 (top) and moment 1 (bottom) maps for VC5110377875 with 3D Barolo (Di Teodoro & Fraternali 2015) . The observed, the best-fit model, and the residual maps are presented from left to right. The solid and dashed lines are drawn along with the the kinematic major and its perpendicular axes. The systematic 3D modeling results for the entire ALPINE sample are presented in Jones et al. in (prep.) .
of the galaxy rotation disk, the velocity gradient in the outer areas are likely to be associated with the rotation of the central galaxy disk. These results imply that the kinematics of the [C ii] halo is different between the rotator and dispersion-dominated populations, such that for the rotator the extended gas disk is associated and co-rotating with the central galaxy disk as a single large disk.
Assuming a single large disk for VC5110377875, we perform 3D modeling with the tilted ring fitting code 3D Barolo (Di Teodoro & Fraternali 2015) . In Figure 9 , we show the observed, the best-fit model, and the residual maps from left to right for the integrated intensity (moment 0; top) and velocity field (moment 1; bottom). The solid and dashed lines are presented along with the kinematic major and its perpendicular axes, respectively. We obtain the best-fit effective radius for the single rotating [C ii]-gas disk of 4.1 ± 0.5 kpc. We note that we use the SEARCH algorithm inside 3D Barolo to identify the RMS noise level of the data cube, and create a threedimensional (i.e., RA, Dec, velocity) mask of all signal above 2σ. Since the model is fit only to these masked data, this threshold produces the diffuse residuals (i.e., 2σ) at the outskirts in the moment 0 maps. Therefore, the best-fit effective radius is the lower limit of size for the rotating [C ii]-gas disk. The rest-frame UV size measurement results show that VC5110377875 has the r e,UV value of 0.93 ± 0.3 kpc (Table 1 ). These results indicate that we identify the rotating [C ii]-gas disk extended more than the rest-frame UV disk by a factor of ∼ 4 at least. Interestingly, we also find symmetric residuals at the outskirts in the moment 1 map mostly along the dashed line. This suggests that VC5110377875 features more complex kinematics than could be explained by the single rotating disk. If we assume that the rotation of the large [C ii]-gas disk is aligned to the central galaxy disk, the complex kinematics may be caused by the outflow or the existence of another rotating disk perpendicular to the main disk. The current data depth is insufficient to conduct the 3D modeling with multiple components for VC5110377875, including the diffuse outskirts and the complex kinematics. Deeper observations are essential to investigate the diffuse outskirts and the complex kinematics.
Physical Origin of [CII] Halo
Based on the analysis and the comparison of the physical properties of the [C ii] Halo and w/o [C ii] Halo objects investigated in Sections 5.1, here we discuss what could be the origin of the ionized carbon emission in the [C ii] halo. One possibility is that the [C ii] halo is always present around star-forming galaxies at z = 4−6 and the difference in the detection of the [C ii] halo is attributed to a galaxy's position on the SFR-M star relation (Section 5.1.1 and Figure 5 ). This induces a selection bias preventing the detection of diffuse [C ii] halo emission around low SFR (∼ faint) ALPINE sources. With the fraction of Lyman-alpha emitters decreasing for more luminous (∼ high SFR and M star ) star-forming galaxies (e.g., Stark et al. 2010) , this is aligned with the Lyα EW results (Section 5.1.2) showing that the w/o [C ii] Halo objects (∼ low SFR) have higher Lyα EWs than the [C ii] Halo objects. The high SFR can also contribute to pushing out the gas away from the galaxy more (e.g., Muratov et al. 2015) , which is also consistent with the velocity offset results (Section 5.1.3). However, it is hard to explain the difference of the existence of the [C ii] halo only with this selection bias, because we also identify several [C ii] Halo objects (DC630594, DC880016, and VC5100537582; marked with black squares in Figure 5 ) with SFR, M star , and SNR of the [C ii] line emission similar to those of the w/o [C ii] Halo objects. While deeper observations towards the w/o [C ii] Halo objects are essential to conclude whether the [C ii] halo homogeneously exists around high-z star-forming galaxies, we discuss the following two scenarios to interpret the physical properties of the [C ii] Halo and w/o [C ii] Halo objects (Sections 5.1), aside from the selection bias.
In the first scenario, the [C ii] Halo objects are surrounded by optically-thick neutral hydrogen. The surrounding gas makes the Lyα line hard to escape, which is consistent with the Lyα EW results. In this scenario, the high SFR in the [C ii] Halo objects produces more far-UV (FUV) photons (6 eV < hν < 13.6 eV) that penetrate deeper into the surrounding neutral hydrogen and form larger photodissociation regions (PDRs) than the w/o [C ii] Halo objects of low SFR. In these PDRs, the carbon is still singly ionized (ionization potential: 11.3 eV) by the FUV photons (e.g., Hollenbach & Tielens 1999; Wolfire et al. 2003; Vallini et al. 2015) , which forms the extended [C ii] line structure of the [C ii] halo. These FUV photons may be provided by faint satellite galaxies, rather than the central galaxy alone. However, Fujimoto et al. (2019) derive the radial ratio of the [C ii] luminosity to SFR and find in the outer halo area that the ratio becomes much higher than the typical ratio of the faint, low-mass galaxies (Díaz-Santos et al. 2014) . This result indicates that the faint, low-mass galaxies are difficult to be the main cause of the [C ii] halo. Since high SFR M star objects reside in massive halos, the [C ii] halo objects can have a high inflow gas rate that may also contribute to form optically-thick neutral hydrogen surrounding the objects and power the carbon to be ionized via the grav-itational energy (e.g., Dekel et al. 2009 ). However, given the generally low metallicity of the inflowing gas transferred from the intergalactic medium (e.g., ∼ 10 −3 Z at z ∼ 4-6; see Pallottini et al. 2014a ), this is not supposed to contribute much to the extended [C ii] line emission because of the low emissivity of the [C ii] line in such low-metallicity gas (e.g., Vallini et al. 2015) .
A second scenario is based on the presence of starformation (SF) driven outflows. Ginolfi et al. (2020) report a significant detection of a broad feature in the wings of the stacked [C ii] line spectrum, which is a probe for on-going outflow activities (e.g., Maiolino et al. 2012; Cicone et al. 2015; Gallerani et al. 2018; Bischetti et al. 2019; Stanley et al. 2019) , that is more prominent when stacking ALPINE sources at high SFRs. From an independent approach, Sugahara et al. (2019) report the existence of the outflowing gas feature from the blueshifted rest-frame UV metal absorption in the stacked spectrum of seven z ∼ 5 − 6 star-forming galaxies. With the larger sample, Faisst et al. (2019) show that the stacked rest-frame UV metal absorption is more significantly blue-shifted in the ALPINE sources with high specific SFR (≡ SFR/M star ; sSFR) than in the sources with low sSFR. This suggests the existence of SF-driven outflows in these galaxies, which is consistent with our results that the [C ii] Halo objects are generally seen in galaxies with high values of SFR and M star (Section 5.1.1) and that the [C ii] Halo objects are likely to have more red-shifted Lyα and blue-shifted rest-frame UV metal absorption than the w/o [C ii] Halo objects (Section 5.1.3). The SF-driven outflow may also explain the high fraction of the dispersion-dominated population for the [C ii] Halo objects with relative low SFR and M star values (Section 5.1.4). The past merging events make the system dispersion-dominated and induce the intense star-forming activity, where the SF-driven outflow pushes out the ionized carbon outside the galaxy. As the amount of gas declines, the SFR value decreases as well. We then witness the extended [C ii] emission as the remnant of the past SF-driven outflow possibly around poststarburst galaxies. The SF-driven outflow is also supported by the recent theoretical results. Pizzati et al. (2020) model the [C ii] line emission produced from the supernova (SN) driven cooling outflow with two key parameters of the outflow mass loading factor η and circular velocity of the parent galaxy dark matter halo v circ that depends on the gravitational potential of the system. The authors find that the 10-kpc scale [C ii] halo is well reproduced with the best-fit parameters of η = 3.20±0.10 and v circ = 170 ± 10 km s −1 around a galaxy with the dynamical mass of 10 11 M . With cosmological hydrodynamic simulations and radiative transfer calculations, Arata et al. (2020) derive the time evolution of r e, [CII] and find that r e, [CII] becomes extended in the SF-driven outflow phase.
There are two types of outflow, hot-mode and coldmode (e.g., Murray et al. 2011; Hopkins et al. 2014; Muratov et al. 2015; Heckman & Thompson 2017) . The hot-mode outflow is defined as the outflow of ionized hydrogen ( 10 6−7 K) gas heated by supernova (SN) explosions, massive star/AGN radiation, while the coldmode outflow consists of the cold neutral hydrogen gas ( 10 2−4 K) pushed by the radiative and kinetic pressures exerted by SNe, massive stars, and AGNs. The SF-driven outflow, seen in ALPINE sources, may be dominated by the cold-mode outflow given the requirement for optically-thick neutral hydrogen to explain the Lyα EWs discussed above. We note that this is a simplified picture. A realistic picture might have a transition from hot to cold through a catastrophic cooling in the outflow process (Li & Tonnesen 2019; Pizzati et al. 2020 ). The study for these multi-phase (cold and hot) gas structures will be useful to understand which is the dominant mode and constrain the feedback mechanisms in the high-z starforming galaxies.
As discussed in previous studies (Fujimoto et al. 2019; Ginolfi et al. 2020) , the outflow activities are essential in all cases to enrich the CGM with carbon around the starforming galaxies in the early universe at z = 4 − 6. In these outflows, widespread dust can also exist, whereas the majority of the ALPINE sources do not show extended structure in the rest-frame FIR continuum. This is probably because such dust quickly becomes cold in the outer galaxy and its intrinsic morphology is then a challenge to be observed, especially at high-redshift due to the warm CMB (e.g., da Cunha et al. 2013; Vallini et al. 2015; Zhang et al. 2016; Pallottini et al. 2017; Lagache et al. 2018) . Interestingly, we do identify one [C ii] & Dust Halo object whose morphology is extended in both the [C ii] line and the rest-frame FIR continuum, but compact in the rest-frame UV continuum (Section 4.2). This may indicate that some mechanisms, such as the hot-mode outflow, keep the dust hot even in the outer galaxy, and its extended morphology is observed in the [C ii] & Dust Halo object. Since the escape fraction of the Lyα line increases (decreases) in the ionized gas (in the gas with dust), the fact that the [C ii] & Dust Halo object has the Lyα EW close to the typical value among the ALPINE sources (Section 5.1.2), rather than much lower values with the existence of the dust spread over the galaxy, may be contributed by the hot-mode outflow. Note, in principle, that faint dusty satellite galaxies can also explain the extended morphology of the rest-frame FIR continuum. However, assuming a mass-metallicity relation (e.g., Mannucci et al. 2010) , the faint ( low mass) satellite galaxies are likely to be less dusty (c.f., Faisst et al. 2017 ). If faint dusty galaxies are identified in future deep observations, they will provide important insight to understand the metal enrichment process in early galaxy formation and evolution.
SUMMARY
In this paper, we study the detailed morphology of [Cii] line emission for 46 main-sequence star-forming galaxies at z = 4 − 6, from the large ALMA project ALPINE, whose [C ii] lines are individually detected above 5σ level. In conjunction with the HST images, we examine the radial surface brightness profiles of the [Cii] line, rest-frame FIR, and UV continuum emission. We then discuss the possible physical origin of the extended [Cii] line emission. The major findings of this paper are summarized below:
1. We perform size measurements of the [C ii] line in the uv-visibility plane, assuming an exponential light profile, and find that the median effective radius is 2.1 ± 0.16 kpc for the ALPINE sources with M star ∼ 10 9 −10 10.5 . Using the same exponen-tial profiles for the HST data in the rest-frame UV wavelength, we find that the [C ii] line size is almost always larger than the rest-frame UV continuum, and that the ratio of [C ii] over the rest-frame UV effective radii as a function of M star shows an increasing trend in the range from ∼ 2 to 3.
2. A number of the isolated ALPINE sources show an extended [C ii] halo structure extending up to a radius of ∼ 10 kpc or more, while being compact in continuum emission. We evaluate the significance level of the extended emission and identify ∼ 30% of the isolated ALPINE sources whose [C ii] line emission extended over the ALMA beam is detected above the 4σ level, but the rest-frame UV and FIR continuum are below the 3σ level in the same aperture ([C ii] Halo object). We also identify galaxies without a [C ii] halo structure at a similar fraction as compared to the isolated ALPINE sources whose [C ii] line emission extended over the ALMA beam is below the 3σ level (w/o [C ii] Halo object).
3. We examine the spatial offsets among the [C ii] line, the rest-frame FIR, and the rest-frame UV continuum emission peaks for the isolated ALPINE sources. The median (standard deviation) of the offsets are estimated to be 0. 15 (0. 09), 0. 25 (0. 08), and 0. 15 (0. 12), between [C ii] -UV, FIR-UV, and [C ii] -FIR, respectively, corresponding to the ∼1 kpc scale at z = 4 − 6. These offsets are comparable to the uncertainties in the HST astrometry and in the positional accuracy of the ALPINE sources thus raising a bit of caution that these emitting regions are not always be placed significantly away from each other as being reported in the literature. We thank Tanio Díaz-Santos, Andrea Ferrara, Simona Gallerani, Akio Inoue, Sinclaire Manning, Hiroshi Nagai, Kentaro Nagamine, Kimihiko Nakajima, Masami Ouchi, Takatoshi Shibuya, and Francesco Valentino (in alphabetical order) for useful comments and suggestions. This paper makes use of the ALMA data: ADS/JAO. ALMA #2017.1.00428.S. ALMA is a partnership of the ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by the ESO, AUI/NRAO, and NAOJ. This work is based on observations and archival data made with the Spitzer Space Telescope, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under a contract with NASA along with archival data from the NASA/ESA Hubble Space Telescope. This research made also use of the NASA/IPAC Infrared Science Archive (IRSA), which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. In parts based on data products from observations made with ESO Telescopes at the La Silla Paranal Observatory under ESO programme ID 179.A-2005 and on data products produced by TERAPIX and the Cambridge Astronomy Survey Unit on behalf of the UltraVISTA consortium. Based on data obtained with the European Southern Observatory Very Large Telescope, Paranal, Chile, under Large Program 185.A-0791, and made available by the VUDS team at the CESAM data center, Laboratoire d'Astrophysique de Marseille, France. This work is based on observations taken by the 3D-HST Treasury Program (GO 12177 and 12328) with the NASA/ESA HST, which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA contract NAS5-26555. Furthermore, this work is based on data from the W.M. Keck Observatory and the Canada-France-Hawaii Telescope, as well as collected at the Subaru Telescope and retrieved from the HSC data archive system, which is operated by the Subaru Telescope and Astronomy Data Center at the National Astronomical Observatory of Japan. Finally, we would also like to recognize the contributions from all of the members of the COSMOS Team who helped in obtaining and reducing the large amount of multiwavelength data that are now publicly available through IRSA at http://irsa.ipac.caltech.edu/Missions/cosmos.html. This study is supported by the NAOJ ALMA Scientific Vallini, L., Gallerani, S., Ferrara, A., Pallottini, A., & Yue, B. 2015 , ApJ, 813, 36 van der Wel, A., Bell, E. F., Häussler, B., et al. 2012 , ApJS, 203, 24 Verhamme, A., Orlitová, I., Schaerer, D., & Hayes, M. 2015 A&A, 578, A7 Verhamme, A., Schaerer, D., & Maselli, A. 2006, A&A, 460, 397 Watson, D., Christensen, L., Kraiberg Knudsen, K., et al. 2015 , ArXiv e-prints, arXiv:1503 .00002 Wisotzki, L., Bacon, R., Blaizot, J., et al. 2016 , A&A, 587, A98 Wolfire, M. G., McKee, C. F., Hollenbach, D., & Tielens, A. G. G. M. 2003 , ApJ, 587, 278 Zhang, Z.-Y., Papadopoulos, P. P., Ivison, R. J., et al. 2016 APPENDIX A. ADDITIONAL ALPINE SOURCES FOR THE REST-FRAME UV SIZE MEASUREMENT 
